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Abstract 
In this article we summarize our results on the fabrication process of the Ni-Cr-W biaxially textured tape, which is 
non-magnetic at 77 K. The deposition processes of the buffer and HTS layers by reel-to-reel MOCVD technology are 
described as well. The HTS wire is finished with reel-to-reel depositions of the silver protective layer by magnetron 
sputtering and copper stabilizing layer by electroplating. Sharp cubic texture with in-plane and out-of-plane 
misorientation below 7 degrees and low surface roughness (Ra < 5 nm on 5*5 Pm2 area) have been achieved on reel-
to-reel processed metallic tapes. The texture characteristics of the MgO buffer layer ('ZRD = 6.0o, 'ZTD = 9.0o, 
'MTRUE = 5.2o) have been found to be very close to those of the textured substrate tape. Using this structure with 
additional buffer layers we have succeeded in growing superconducting YBCO coatings with Ic (77 K, s.f.) values 
higher than 120 A per cm of the tape width at the HTS layer thickness of about 1 Pm. 
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1. Introduction 
High Tc superconducting (HTS) wires can change the landscape of modern technology, opening the 
way to compact and efficient power equipment such as transmission cables, fault current limiters, motors 
and generators, transformers, and magnets. The second generation HTS wires (coated conductors) are 
believed to be more advanced than the first generation silver-sheathed HTS wires, since they provide 
higher critical currents in external magnetic fields and promise significant cost advantages as their 
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manufacturing technology is further developed [1]. The main reasons for the high price of the second 
generation HTS wire today are the relatively low level of technology development, rather expensive 
fabrication approaches employed, low process yield, and small production scale. 
SuperOx company was founded in Russia in 2006 with the purpose to develop cost-efficient 
approaches to the production of the second generation HTS tapes using biaxially textured metal templates 
and the scalable MOCVD method to grow all oxide layers. The main features of our technology are: 
1) the use of biaxially textured substrate tape, which is non-magnetic at 77 K and 
2) the use of MOCVD to deposit all oxide layers of the coated conductor, including buffer layers. 
The technological path pursued by SuperOx is presented in Fig. 1. In this paper we review the progress 
made along this path in recent years. 
 
 
Fig. 1. Main stages of the SuperOx technological path to the fabrication of HTS wire on non-magnetic textured substrate tape. 
2. Metal Substrate 
The fabrication of biaxially textured substrate is based on cold rolling of fcc-alloys, imparting high 
degree of deformation, and a subsequent high temperature anneal to obtain the desired texture [1]. Most 
often, the Ni-alloy with 5 at.% of W is used to make biaxially textured substrates [2]. This material is 
characterized by a good texturing behavior, sufficient resistance to oxidation and reasonable mechanical 
properties. The only significant drawback of the Ni-5 at.% W alloy is its ferromagnetism, with the Curie 
temperature around 335 K. Although Ni-5 at.% W is superior to pure nickel in this respect, its 
ferromagnetism still leads to certain AC losses in the HTS conductor at 77 K. Two basic ways to 
overcome ferromagnetism in textured substrates have been proposed. One is based on the use of a 
ferromagnetic material only as an upper sheath, while the core of the tape is made of a non-magnetic 
material. Tapes of this type are often referred to as “clad” tapes [3]. This approach, however, allows only 
reducing the substrate ferromagnetism proportionally to the ratio of the thicknesses of the core and the 
surface sheath. The other approach is based on the use of non-magnetic fcc metals and alloys like, for 
example, copper. For fcc Ni-based alloys, the most effective alloying elements are V, Mo, and W 
(decreasing TC of fcc Ni-based alloys at a rate of a 60o per at.%) and Cr (a 50o/at.%) [4]. 
In our work we use the latter approach, employing for the substrate a Ni-Cr-W alloy with a TC of about 
50 K. We have performed an extensive research in order to select the alloy composition (Fig. 2). The 
choice was based on the fine interplay of the resulting texture, magnetic, and mechanical properties. In 
general, an increase of the doping level leads to an increase of the mechanical strength and to a decrease 
of TC and the content of cubic texture. Therefore, a reasonable compromise among these characteristics 
must be found. 
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After several iterative optimization studies the alloy containing 9.2 at.% of Cr and 2.4 at.% of W has 
been chosen as the substrate material. Tape rolling is performed at a metalworking factory. The tape is 
cold-rolled in multiple steps down to 80-micron thickness with deformation exceeding 99%. The length 
of the rolled tape is up to 1400 m. The rolled tape is slit into 10 mm wide strips by a ring-slitting machine. 
Then the tape is textured in a high temperature anneal at 1000–1100oC in reducing hydrogen-containing 
atmosphere (oxygen partial pressure below 10-20 bar) in a reel-to-reel mode at a tape speed in the range of 
5–10 m/h. As a result of this procedure, tapes with a 97–99% fraction of biaxially oriented grains have 
been routinely obtained in 300 m piece lengths (Fig. 3). At the next stage the substrate tape is electro 
polished in an acid bath at 30oC in the reel-to-reel mode. Approximately 7 microns of material is removed 
from each side of the tape, reducing the surface roughness value, Ra(5*5 Pm2), from > 50 nm for the as-
rolled tape to below 5 nm for the polished tape. This substrate roughness level is slightly higher than the 
values typically reported for the Ni- 5at.% W tapes carefully rolled with mirror-finish rolls produced by 
commercial producers. The benefit of electro polishing, however, is that the grooves at grain boundaries, 
which can be 100 nm deep in the otherwise smoother unpolished tapes, are completely removed by the 
polishing and are not detectable by AFM in our tapes (Fig. 4). 
We have measured some application-relevant properties of the Ni-9.2 at.% Cr-2.4 at.% W substrate 
material. These results are summarized in Table. 1 where they are also compared with the properties of 
two other materials often used in substrate tapes for coated conductors: Ni-5 at.% W and Hastelloy C-
276. The properties of the ternary alloy developed by us are intermediate between those of the two 
commercially available substrate alloys. 
 
   
Fig. 2. Left: fragment of the Ni-Cr-W compositional triangle. The regions where the cubic texture formation is possible and where 
alloys with TC < 77K exist are highlighted. Right: temperature dependence of magnetic susceptibility of Ni-Cr-W alloys studied. 
 
Fig. 3. EBSD map of a 2x1 mm2 surface area of a Ni-Cr-W alloy textured tape. The color scale spans from 0o (blue) to 60o (red) of 
misorientation. 
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Fig.4. 40*40 Pm2 AFM images of the surface of as-rolled tape (left) and electro polished tape (right). The polished tape is 
significantly smoother. No grooves at grain boundaries are observed in the polished tape. 
Table 1. Some properties of the Ni-9.2 at.% Cr-2.4 at.% W alloy compared to those of the Hastelloy C276 and Ni-5 at.% W alloys. 
Alloy TEC 
(20oC), 10-6 
K-1 
TEC 
(800oC), 10-6 
K-1 
Cp at 300K, 
J/(mol K) 
Cp at 77K, 
J/(mol K) 
U (300K), 
POhm*cm 
U (77K), 
POhm*cm 
Ni-9.2 at.% Cr-
2.4 at.% W 
10.8 18.6 28.0 12.5 68 a 62 
Ni-5 at.% W 10.7 16.7 No data No data 35 No data 
Hastelloy C-276 a 11.2 [5] a 19.4 [5] 25.2 [6] 10.7 [6] 128 [6] 123 [6] 
3. MOCVD Growth of Oxide Layers 
The buffer and HTS layers have been grown by the MOCVD technique [7]. Four reel-to-reel MOCVD 
systems have been designed and put into operation for the deposition of the layers. Volatile chelate 
complexes of corresponding metals based on 2,2,6,6-tetramethylheptanedione-3,5 are used as precursors. 
These compounds are synthesized in-house at our company, thus ensuring the lowest possible cost of raw 
materials for the MOCVD fabrication route. 
The deposition of the first buffer layer is of key importance for any coated conductor architecture. 
Magnesium oxide provides an excellent combination of properties desired for the first buffer layer, 
including high tendency to (001)-oriented growth, very low oxygen diffusion and thermodynamic 
compatibility with the Ni-Cr-W alloy. The last factor is especially important in our case, since due to the 
presence of the readily oxidizable chromium in the alloy the deposition of the oxide buffer must be 
performed at extremely low p(O2) values. Thus, at 1000oC the equilibrium p(O2) for the 2Cr + 3/2O2 = 
Cr2O3 reaction is 2*10-22 bar. Magnesium oxide is one of the very few simple oxides that can exist in 
contact with the Ni-Cr-W alloy without oxidizing chromium or being itself reduced to metal. 
The MgO layers are grown by the reel-to-reel MOCVD at the tape speed of 14 m/h and an appropriate 
low oxygen partial pressure. The results of XRD study of a 120 nm thick MgO layer on textured Ni-9.2 
at.% Cr-2.4 at.% W tape are given in Fig. 5. No grains with orientation other than “cube-on-cube” are 
observed, both in-plane and out-of-plane. The full widths at half maxima of the MgO peaks are: 'ZRD = 
6.0o, 'ZTD = 9.0o, 'MTRUE = 5.2o ('MTRUE is calculated according to [8]). These values are very close to 
the corresponding values found in the substrate tape (5.2, 8.7 and 5.6 degrees, respectively). It is worthy 
to note that the MgO XRD peaks are much smoother than those of the Ni-Cr-W alloy tape. This is due to 
the much smaller MgO grain size (hundreds of nanometers) than the alloy grain size (tens of microns). 
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Fig. 5. XRD study of a 120 nm thick MgO buffer layer grown on the Ni-Cr-W substrate by the reel-to-reel MOCVD. Top left: T-2T-
scan showing perfect (00l) in-plane alignment of the MgO film. Bottom left: I-scan of the (220) MgO peak showing perfect out-of-
plane alignment of the MgO film. Top and bottom right: rocking curves of the (002) MgO peak in directions parallel (RD) and 
perpendicular (TD) to the rolling direction. 
For the MOCVD growth of the YBCO layer, we use argon as a carrier gas and oxygen as a reactant 
gas. The YBCO deposition temperature is in the 780–850oC range, while the oxygen partial pressure is 
maintained around 1 mbar. To optimize the microstructure and superconducting properties of the YBCO 
layer, such parameters as the starting Y:Ba:Cu precursor ratio, deposition temperature, deposition rate, 
and partial oxygen pressure are varied systematically. The YBCO film thickness is in the 700–1200 nm 
range. 
In the initial set of experiments, YBCO depositions in a small MOCVD reactor were performed 
without tape motion. Once the superconducting performance exceeding Ic = 100 A/cm (77 K, self-field) 
has been reproducibly demonstrated in the static YBCO depositions, we began experiments in the reel-to-
reel YBCO MOCVD system. The deposition area in the laboratory scale reel-to-reel YBCO MOCVD 
system is 1x12 cm2, and the tape motion speed is varied in the 2–4 m/h range. While the optimization of 
all layers is still in progress, we have already achieved promising results in the final product property, the 
coated conductor critical current, Ic (Fig. 6). The critical current was determined both by non-contact 
measurements of magnetic susceptibility and by direct transport measurements. Thus, we have 
reproducibly demonstrated Ic over 100 A/cm in static YBCO depositions onto reel-to-reel processed 
buffer layers. Our current Ic results in the reel-to-reel YBCO experiments are at the 50 A/cm level. 
4. Growth of Metal Layers 
The silver layer is grown by DC magnetron sputtering. The sputtering system of our original design is 
equipped with a 6 kW power source. A helical tape handling assembly with 4 tape lanes is employed for a 
more effective use of the 100 mm silver target disc. The deposition is performed without heating the tape; 
however, during the growth the temperature in the deposition zone rises to approximately 100oC. The 
background pressure is 10-6 mbar. The process gas is argon and the sputtering is performed at a pressure 
of approximately 10-3 mbar. The tape speed is in the 20–50 m/h range. The thickness of the silver layer is 
controlled at 1 Pm by varying the sputtering power, chamber pressure and the tape speed. After the silver 
deposition the tape is annealed in flowing oxygen at 450oC for 1 hour to oxygenate the HTS layer. 
Finally, the copper layer is deposited by the standard electro deposition technique [9] at room 
temperature. The growth rate of 1 Pm/min can be easily reached with this process. The reel-to-reel electro 
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deposition system operates at the tape speed of 4 m/h and produces finished HTS tapes uniformly coated 
with 20 Pm of copper on both sides. The electro deposited copper provides electrical stabilization and 
protection to the product. 
 
       
Fig. 6. Left graph: progress in critical current of the YBCO coated conductors. Critical current values were obtained from magnetic 
susceptibility and transport measurements. Left curve: stationary YBCO deposition onto reel-to-reel processed buffer layers. Right 
curve: all reel-to-reel processed coated conductors. YBCO thickness is in the 700–1200 nm range. Right graph: typical I-V curve, a 
result of transport current measurements. Ic (77 K, self-field) value of 58 A/cm is determined according to the 1 PV/cm criterion. 
5. Conclusions 
We have been developing a complete technological path to coated conductor fabrication: from a metal 
alloy to the copper-finished HTS wire. Our approach is based on the use of non-magnetic biaxially 
textured substrate tapes made from the Ni-Cr-W alloy and of the scalable MOCVD process for the 
deposition of oxide layers. Encouraging results have been obtained with Ic (77 K, s.f.) exceeding 120 
A/cm-width. Further optimization of the processes is on the way, aimed at improving current-carrying 
characteristics of the coated conductor tapes. 
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